To gain insight into the membrane alteration that could account for the hyperresponsiveness of platelets in hypertension, we have investigated whether, in resting platelets of hypertensive rats, the metabolism of phospholipids was modified. Because preliminary results indicated a specific acceleration of phosphatidylcholine turnover in spontaneously hypertensive rats, the possible relation between such an abnormality and hypertension was investigated by studying phosphorus-32 labeling of phosphatidylcholine (taken as an index of its turnover) in various experimental models of hypertension. The data showed that phosphatidylcholine turnover 1) was considerably increased in platelets from spontaneously hypertensive (even at the prehypertensive stage) and stroke-prone rats compared with Wistar or Wlstar-Kyoto control rats, 2) did not differ between deoxycorticosterone-salt-treated hypertensive and control rats, and 3) was increased in Dahl salt-sensitive rats fed a high NaCl diet (hence hypertensive rats), compared with either the rats fed a low NaCl diet or the salt-resistant rats. These results indicate that an increase in phosphatidylcholine turnover is a consequence of neither hypertension nor high salt intake and appears likely to be of genetic origin. These data allow us to suggest the existence, in platelets, of' a relation between phosphatidykholine turnover, free cytoplasmic Ca
I
n primary hypertension, phospholipase C (PLase C) hypersensitrvity is involved in the hyperresponsiveness of platelets to certain agonists. This has been clearly demonstrated in the platelets of the spontaneously hypertensive rat (SHR) and the Dahl salt-sensitive rat (SS/Jr) as well as in those of patients with essential hypertension. 1 - 4 However, PLase C hyperreactrvity is unlikely to account for the hyperresponsiveness of platelets to adenosine diphosphate (ADP) observed in SHR and patients, 5 -9 as ADP interaction with its receptors does not activate platelet PLase C. 10 Likewise, the observation that in isolated and resting platelets, PLase C activity did not differ between hypertensive and normotensive subjects 1 -3 -4 could not explain the increased level of free Ca 2+ ions observed in the cytoplasm of platelets from hypertensive subjects (see Reference 11 for review). 12 - 14 Because membrane phospholipids are recognized to participate in the signaling mecha-- 16 that control cell activation processes and that can be impaired in hypertension, 17 we investigated whether, in resting platelets, differences in phospholipid metabolism could be detected between hypertensive and normotensive rats. Thus, a preliminary study of kinetics of radioactive labeling of phospholipids of resting platelets revealed, in SHR compared with Wistar-Kyoto (WKY) control rats, a specific and pronounced increase in the turnover of phosphatidylcholine (PC). 18 To establish how such a difference may be relevant to hypertension, the turnover of platelet PC was investigated and compared between various experimental models of hypertension and their normotensive controls. the substrains inbred by John Rapp, Toledo, Ohio (SS/Jr and SR/Jr, respectively), were kindly provided by Bayer AG, Wuppertal, FRG. The preparation of rats as well as their age and blood pressure are described in Table 1 and in Figure 2 .
II

Experimental Procedures
The procedures for blood withdrawal, platelet radioactive labeling, and isolation have already been detailed, 1 -18 as have been phospholipid separation and analysis of radioactivity associated with them. Results are expressed as the percentage of the radioactivity associated with PC to the total lipidassociated radioactivity. Data are presented as the mean±SEM of n experiments (one animal per experiment; each measurement was performed in duplicate). Statistical analysis was performed using the unpaired Student's t test.
Results
Under the experimental conditions of the present study, after platelet labeling for 2 hours with \ a ?] orthophosphate, the ^ radioactivity associated with PC in normotensive rats (i.e., rats from either the regular Wistar strain or the WKY rat substrain) usually represented 1.0-1.5% of the total lipidassociated radioactivity (which was in the range 8,000-10,000 cpm per 10 8 cells). After chromatographic separation of phospholipids from phosphorus-32-labeled platelets, the autoradiographic analysis of thin-layer chromatography revealed that platelets from adult SHR exhibited a supplementary radioactive spot when compared with platelets from WKY rats. By using five very different solvent systems, this spot was unambiguously identified as PC (Figure 1) . Further experiments using platelets labeled with other radioactive phospholipid precursors clearly demonstrated that in SHR a specific enhancement of PC turnover was in fact responsible for the pronounced increase in PC labeling. 18 In 16-18-week-old rats, PC labeling with 32 P was approximately 13-fold greater in SHR than in WKY rats (Table 1) . In 3-4-week-old SHR (i.e., when hypertension is not yet established) phosphorus-32 labeling of platelet PC was likewise increased (approximately 10-fold) compared with WKY rats (Table 1) . A similar increase in [^JPC labeling was also observed in 22-week-old SHRSP that exhibited a very high blood pressure (Table 1) . By contrast, no significant difference in PC labeling could be found between DOCA-salt hypertensive rats and their normotensive controls (Table 1) . Platelets were labeled for 2 hours with p^Jorthophosphate according to Reference 1. Phospholipids were extracted, and the various phospholipid classes were separated with the solvent system IV of Figure 1 . Values in brackets represent the number of rats. Control (unilaterally nephrectomized) and deoxycorticosterone acetate (DOCA)-salt hypertensive rats were prepared according to Reference 3.
•Radioactivity associated with phosphatidylcholine (PC) is expressed as the percent of the total lipid-associated "P radioactivity; the latter did not differ significantly among the groups under comparison.
t, §,||Age of rats was 4, 14-18, and 22 weeks, respectively. $ 0 0 0 1
In SR/Jr rats, [^PJPC values were similar irrespective of the salt content in the diet (Figure 2 ). By contrast, in the SS/Jr substrain, in spite of some overlap between the values corresponding to groups fed a low and a high NaCl diet, those animals in which hypertension developed as a consequence of a high salt intake also exhibited a significantly higher [^JPC labeling (Figure 2 ).
Discussion
The results presented above clearly demonstrated that, in resting platelets of SHR, pPJPC labeling was considerably accelerated (10-20-fold) compared with WKY rats. According to a previous study, 18 this is likely to be a reflection of an increased PC turnover. Data obtained with the young SHR and SHRSP also indicated that such an increase correlated neither with the age nor the degree of hypertension; they demonstrate that, in SHR and SHRSP, an increased PC turnover was not the consequence of a blood pressure elevation. This finding was further confirmed by data obtained with DOCA-salt hypertensive rats, which indicate moreover that PC turnover dissociates from high salt intake. These conclusions were strongly strengthened by the results obtained with Dahl rats because in SR/Jr a high salt intake was unable to increase PC turnover, and in SS/Jr fed a low NaCl diet, the high blood pressure clearly observed was not associated with an enhanced PC turnover, which in this group remained at the same level as that of both SR/Jr groups (Figure 2) . However, SS/Jr rats fed a high NaCl diet did show a significant though modest (approximately 30%) increase in PC turnover compared with animals fed a low NaCl diet (Figure 2 ). When compared with the considerable increase in PC turnover observed in SHR (versus WKY rats) ( the low extent of this increase in SS/Jr rats. Taken together, the results show that 1) the rats in which spontaneous hypertension develops also exhibit "spontaneously high PC turnover" and that 2) the rats genetically predisposed to develop hypertension under certain circumstances also exhibit increased values of PC turnover when these specific circumstances are fulfilled. ] in young animals could not always be observed. 13 In addition, the increased platelet free [Ca 2+ ] in SHR (versus WKY rats) could not be observed when the cells were in low Ca 2+ medium, stimulates platelets via a close coupling of its receptors to Ca 2+ entry direct into the cytosol. 21 Moreover, the comparison of present data with those previously reported and dealing with platelet PLase C activity 1 -3 allows us to envisage a relation between PC turnover and cell responsiveness to certain stimuli.
That a relation exists, in platelets, between the turnover of PC, the free [Ca 2+ ], and the PLase C activity could not be unexpected because the reactivity of a contractile cell primarily depends on free cytoplasmic [Ca 2+ ], which itself results from both Ca 2+ mobilization (which is controlled by PLase C) and influx (see above). One may therefore imagine that, in platelets from hypertensive subjects, some structural abnormality linked to increased PC turnover induces both hypersensitivity of PLase C (e.g., by increasing the substrate availability) and a specific membrane permeability capable of favoring Ca 2+ influx. Nevertheless, such a relation, although an attractive hypothesis, remains to be investigated.
The influence of membrane abnormalities on cell functions and their role in the development of hypertension have been documented (see References 22 and 23 for reviews). Enhancement of turnover of the most abundant membrane phospholipid, which is assumed to be involved in signal transduction, 16 may therefore constitute a primary membrane alteration that, in primary hypertension, ultimately results in the hyperactivity of platelets to agonists.
